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Background: The purpose of this study was to investigate the causes of injury-related out-of-hospital
cardiac arrest (OHCA) in patients; the differences between elderly and younger patients were investi-
gated. We believe that identifying the causes of cardiac arrest in different patient groups, may help
emergency physicians to make better decisions and thus improve the development of preventive
strategies in the future.
Methods: A retrospective review was carried out of injury-related OHCA patients who were > 17 years
old, and who were admitted to the emergency department (ED) of a medical center in northern Taiwan,
between January 1 and December 31, 2005. Details of demographics, witness reports, mode of transport,
outcome, and cause of injury-related OHCA were collected and analyzed.
Results: Ninety-four patients met our inclusion criteria; 5 patients (5.3%) survived to hospital discharge,
but all had signiﬁcant neurological deﬁcits. Twenty patients were > 65 years old, and were deﬁned as
elderly; 74 patients, who were deﬁned as adults, were between 18 and 64 years old. The survival rate in
the elderly group was 15.0% (3/20), and in the adult group was 2.7% (2/74); there was no signiﬁcant
difference between the elderly and adult groups (p¼ 0.063). In the adult group, the leading cause of
injury-related OHCA was a trafﬁc accident, but in the elderly group, the leading cause was mechanical
airway obstruction (choking); these results are statistically signiﬁcant.
Conclusion: In this study, choking was found to be the leading cause of injury-related OHCA in the elderly
and trafﬁc accidents were the leading cause in adults. Five patients (5.3%) survived, but all had signiﬁcant
neurological deﬁcits. Because of the poor outcomes of injury-related OHCA patients, it is proposed that
prevention may be the best strategy for these patients’ survival.
Copyright  2012, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. All rights reserved.1. Introduction
In the United States, nearly 13% of the populationwas> 65 years
old at the beginning of the 21st century, and by the year 2030, one in
ﬁve people will be > 65 years old1. Taiwan has been an ‘aging
country’, which is deﬁned as  7% of the population older than 65
years, since 1993, and it is anticipated that one in three people will
be > 65 years old by 20502. The population of geriatrics is
increasing, so resuscitation of geriatric injury is an important issue
to examine.terest.
Mackay Memorial Hospital,
City 10449, Taiwan.
ang).
iwan Society of Geriatric EmergenInjury, which consists of intentional injury and non-intentional
injury, is considered preventable3. Non-intentional injury (acci-
dents) was the ﬁfth leading cause of death in Taiwan in 2005, and
intentional injury, deﬁned as suicide in this study, was the ninth
leading cause of death4. With regards to the leading cause of death,
accidents was the ﬁrst in people aged 15 to 24 years, but the second
in people aged 25 to 44 years; suicide was the second leading cause
of death in people aged 15 to 24 years, but the third in people aged
25 to 44 years4. In people aged> 45 years, the rank of accidents and
suicide were both decreased4. In elderly people aged > 65 years,
accident was the seventh leading cause of death, and suicide was
not included in the 10 leading causes4.
There has been a great deal of research into the resuscitation of
traumatic OHCA patients5e10; however, discussions on causes of
injury-related OHCA have rarely been conducted8. To the best of our
knowledge, there have been no previous studies comparing thecy & Critical Care Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
Table 1
Comparison of injury-related out-of-hospital cardiac arrest characteristics between
elderly and adult patients.
Adult (n¼ 74) Elderly (n¼ 20) p
Average age (y) 39.82 13.45 74.95 8.44 p< 0.001y
Male 45 (60.8) 9 (45.0) 0.204
Witnessed 34 (45.9) 13 (65.0) 0.131
EMS transport 72 (97.3) 19 (95.9) 0.516
ROSC 17 (23.0) 12 (60.0) 0.001y
Admission 8 (10.8) 8 (40.0) 0.002y
Discharge 2 (2.7) 3 (15.0) 0.063
Trafﬁc accident 26 (35.1) 2 (10.0) 0.029y
Fall 15 (20.3) 3 (15.0) 0.755
Submersion 6 (8.1) 3 (15.0) 0.395
Intoxication 5 (6.8) 0 (0.0) 0.581
Fire 3 (4.1) 1 (5.0) p> 0.999
Choking 3 (4.1) 8 (40.0) p< 0.001y
Electrical injury 2 (2.7) 0 (0.0) p> 0.999
Intentional (suicide) 14 (18.9) 3 (15.0) p> 0.999
Data are presented as mean standard deviation or n (%); ystatistically signiﬁcant.
EMS¼ emergency medical services; ROSC¼ return of spontaneous circulation.
Table 2
Comparison of outcomes between choking and non-choking patients.
Choking (n¼ 11) Non-choking (n¼ 83) p
Male 6 (54.5) 48 (57.8) 1.000
Witnessed 9 (81.8) 38 (45.8) 0.050
ROSC 9 (81.8) 20 (24.1) < 0.001y
Admission 7 (36.4) 9 (10.8) < 0.001y
Survival 2 (18.2) 3 (3.6) 0.103
Data are presented as n (%); ystatistically signiﬁcant.
ROSC¼ return of spontaneous circulation; Survival¼ survival to hospital discharge.
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We believe that recognizing the causes of injury in these patients,
may affect the proposed course of treatment, and could help in the
development of effective strategies to prevent the injury-related
OHCA from occurring in the future.
2. Materials and methods
This was a retrospective study approved by the Mackay Memo-
rial Hospital Institutional Review Board (MMH-I-S-341). From
January 1, 2005 to December 31, 2005, 94 patients aged 18 to 91
years, who had experienced injury-related OHCA andwere admitted
to the emergencydepartment (ED) of theMackayMemorialHospital,
were enrolled in the study, retrospectively. The elderly group,
deﬁned as patients aged > 65 years, consisted of 20 patients, while
the adult group, aged between 18 and 64 years, consisted of the
remaining 74 patients. Patientswere treated at theMackayMemorial
Hospital, a 2060-bed medical center in Northern Taiwan. All of the
emergency physicians, nurses, and medical staff had completed the
ACLS 2000 guideline training course11. SignsofOHCAweredeﬁned as
unresponsiveness, absence of spontaneous respiration, and absence
of palpable pulse upon arrival at the ED in this study12; the diagnosis
of OHCA was conﬁrmed by the emergency physician. Return of
spontaneous circulation (ROSC) is deﬁned as any spontaneous return
of a palpable pulse and does not require a speciﬁc pulse duration,
such as > 5 minutes13. The causes of injury-related OHCA were
divided into intentional injury, which was deﬁned as suicide only,
and non-intentional injury, deﬁned as accidents, including trafﬁc
accident, fall, submersion, intoxication, ﬁre, mechanical airway
obstruction (choking), and others. Patientswere deﬁned as survivors
if they survived until discharge from the hospital.
Diagnoses of the causes of injury-related OHCA were made by
ﬁrst-aid records and medical records, which included pre-arrest
accident, medical history, resuscitation responses, laboratory
ﬁndings, and death certiﬁcates. The ﬁnal impression was estab-
lished according to the diagnoses of two experienced emergency
physicians.
Patient information on age, gender, witness reports, transport
method, ROSC, admission, discharge, and causes of injury-related
OHCA were extracted from the EMS dataset and medical charts.
Statistical analyses: Statistical analyses of the data were con-
ducted using SPSS software for Windows (version 12.0, SPSS Inc.,
Chicago, IL, USA). Chi-square tests and Fisher’s exact tests were
performed for categorical variables. Independent-samples t tests
were used for continuous variables. A p value of < 0.05 was the
criterion for statistical signiﬁcance.
3. Results
The overall survival rate for this study was 5.3%. The survival
rate of elderly patients was 15% and of adult patients was 2.7%, but
the differences between the two groups were not statistically
signiﬁcant (p¼ 0.063), as shown in Table 1. However, the elderly
group had signiﬁcantly higher ROSC and admission rates than the
adult group. In the adult group, the leading cause of injury-related
OHCA was trafﬁc accident (35.1% vs 10.0%, p ¼ 0.02), but in the
elderly group, the leading cause was choking (40.0% vs 4.1%,
p < 0.001); these results were statistically different between the
two groups. As outlined in Table 1, the other causes of injury-related
OHCA in the elderly were, in decreasing order of frequency, fall,
submersion, suicide, ﬁre, intoxication, and electrical injury. In
addition, we compared the outcome between choking and non-
choking patients, and found that the choking group had signiﬁ-
cantly higher ROSC and admission rates than the non-choking
group, but not a higher survival rate, as shown in Table 2.The causes of accident-related OHCA patients are shown in
Table 3. The most common cause of injury-related OHCAwas trafﬁc
accident (36.3%). This was the same as the leading cause of injury-
related death given by the Taiwan National Register4, (57.9%).
Compared with the national database, our data had a smaller
proportion of trafﬁc accidents, but a larger proportion of falls,
submersions, intoxication, ﬁres, and other causes of injury-related
OHCA; the results were statistically signiﬁcant (p¼ 0.001).
When compared to intentional/non-intentional injury-related
OHCA on the Taiwan national injury-related cause of death register,
our data showed a larger proportion of non-intentional injury, but
the result was not statistically signiﬁcant (p¼ 0.406), as shown in
Table 4.
A comparison of the outcome for non-intentional (accident) and
intentional (suicide) cause of injury-related OHCA patients indi-
cated that accident-related OHCA patients had a signiﬁcantly
higher ROSC rate than the suicide-related group (36.4% vs. 5.9%,
p¼ 0.018). However, there were no statistically signiﬁcant differ-
ences in the admission rate and survival rates of the two groups, as
shown in Table 5.
Five patients survived to discharge; three females and two
males, aged 52 to 68 years. All of these patients had signiﬁcant
neurological deﬁcits, and their Glasgow Coma Scales were all < 8.
None of the patients whose injury-related OHCAwere due to trafﬁc
accidents, falls, intoxication, suicide and other causes, survived
(Table 6).
4. Discussion
Elderly patients account for 10e14% of all traumatic victims, but
they consume about 25e33% of the trauma-related health care
budget14. In the United States, injury is the seventh leading cause of
death in the elderly, because of a combination of physiologic
changes that alter the older patient’s response to trauma, and
Table 5
Comparison of outcomes of intentional (suicide) and non-intentional (accidents)
out-of-hospital cardiac arrest.
Accidents (n¼ 77) Suicide (n¼ 17) p
ROSC 28 (36.4) 1 (5.9) 0.018y
Admission 16 (20.8) 0 (0) 0.067
Survival 5 (6.5) 0 (0) 0.581
Data are presented as n (%); ystatistically signiﬁcant.
ROSC¼ return of spontaneous circulation; Survival¼ survival to hospital discharge.
Table 6
Table 3
Comparison of accident-related out-of-hospital cardiac arrest to Taiwan national
accident-related cause of death.
Cause of
accident-related
OHCA (n¼ 77)
Taiwan accident-related
cause of death (n¼ 8365)
Accidents p< 0.001
Trafﬁc accident 28 (36.3) 4846 (57.9)
Fall 18 (23.3) 1252 (15.0)
Submersion 9 (11.7) 626 (7.5)
Intoxication 5 (6.5) 308 (3.7)
Fire 4 (5.2) 122 (1.5)
Others 13 (16.9) 1211 (14.5)
Data are presented as n (%).
OHCA¼ out-of-hospital cardiac arrest.
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different from those of younger patients.
According to Taiwan’s national cause of death register, there
were 8345 deaths due to accidents and 4282 deaths caused by
suicide in 20054. Accident is the seventh leading cause of death in
the elderly and there were 2390 deaths in this age group4. Because
injury is considered preventable, these deaths might have been
avoided if early interventions and aggressive resuscitations were
implemented.
The ﬁrst interesting ﬁnding of our study, is that elderly injury-
related OHCA patients had higher ROSC, admission and survival
rates than adult patients, although the survival rate was not
statistically signiﬁcant (15.0% vs. 2.7%, p¼ 0.063). Thus, we
observed that the outcomes of injury-related OHCA elderly patients
were not worse than those of the adult patients. However, Schwab
and Kauder reported that, although the elderly are less likely to be
involved in trauma compared to younger age groups, they are more
likely to have fatal outcomes when injured, and have the highest
population-based mortality rate of any age group15. Therefore, we
must consider the reasons behind these different results. We
believe that this result occurred because of the difference in cause
deﬁnition of OHCA between Schwab and Kauder and our study.
Firstly, our study included some non-traumatic injury patients,
such as those experiencing choking, which has a better outcome
and is the most common cause of injury-related OHCA in the
elderly. Secondly, adult patients were more likely to be involved in
severe trauma such as trafﬁc accidents4 and theymay be difﬁcult to
resuscitate even in the hospital. Thirdly, elderly injury-related
OHCA patients may survive to discharge from hospital after good
resuscitation, but they may die at home due to poor physiological
reserve16 and complications related to their injury.
The most important ﬁnding is that the leading cause of injury-
related OHCA in elderly patients is choking by food, which is
statistically signiﬁcantly different compared to younger patients
(40.0% vs. 4.1%, p< 0.001). Accidental choking, in which the diag-
nosis is made if there is a clear history of pre-arrest choking with
evidence of intraoral food during tracheal intubation, is rarely re-
ported as a cause of OHCA17, however, we found that this was a very
important and leading cause of injury-related OHCA in the elderly.
In addition, choking patients had a better outcome in comparisonTable 4
Comparison of injury-related out-of-hospital cardiac arrest to Taiwan national
injury-related cause of death.
Cause of injury-related
OHCA (n¼ 94)
National cause of
death (n¼ 12,647)
Cause of Injury p¼ 0.406
Accidents 77 (81.9) 8365 (66.1)
Suicide 17 (18.1) 4282 (33.9)
Data are presented as n (%).
OHCA ¼ out-of-hospital cardiac arrest.with others. We suppose that choking is a hypoxic insult caused
by mechanical airway obstruction, and resuscitation is easier in
comparison to after a major trauma. To the best of our knowledge,
this ﬁnding has not been previously reported. Elderly patients, with
the support of their families, should pay avoid choking by food.
Falls are the most common cause of injury in older patients18,
accounting for 40% of trauma in patients >65 years14. It was the
second cause of injury-related OHCA in our study accounting for
19% of cases; a similar result was also reported by Lo and Chang8.
Prevention of falls, therefore, is still an important issue for the
elderly.
Trafﬁc accidents, which accounted for 30% of cases, was the
leading cause of injury-related OHCA; this result was the same as in
Lo and Chang’s report8. In the adult injury-related OHCA group,
trafﬁc accidents were the leading cause of injury-related OHCA,
which was signiﬁcantly different from the elderly group (35.1% vs.
10%, p< 0.029). OHCA caused by trafﬁc accidents had a very poor
outcome, because none of the trafﬁc-related OHCA patients
survived to discharge. Therefore, prevention of trafﬁc accidents
may be the best way to avoid and restrict these deaths.
The cause of OHCA is not equal to the ﬁnal cause of death, as
some OHCA patients may survive following the injury event.
Although the method of data collection is different, the comparison
could reﬂect a real ED burden clearly. We presume that the
proportion of causes of accident-related OHCA and national
accident-related causes of deathwas different; the OHCA group had
fewer trafﬁc accidents in comparison with the number of trafﬁc
accidents from the Taiwan national data, but had a greater number
of other causes including fall, submersion, intoxication and ﬁre.
Trafﬁc accidents might contribute to a more severe injury to these
patients than other causes, and many patients who died at the
scene were not transported to the hospital.
Although suicide accounted for only 18% of injury-related OHCA
cases, it also had a very poor outcome as none of the suicide-related
OHCA patients survived to hospital discharge. It is proposed that
early prevention of suicide is very important.
Only ﬁve patients (aged 52 to 68 years) survived to hospital
discharge, but all had signiﬁcant neurological deﬁcits. Two
patients suffered from choking, two suffered from submersion, and
one suffered from ﬁre. They all had a long hospital stay from 39 to
114 days, and used large medical resources. None of the patients
whose OHCA were attributed to suicide, trafﬁc accident, fall, andSurvivors of injury-related out-of-hospital cardiac arrest.
Age
(y)
Sex Cause of
OHCA
Witness EMS
transport
Length of
hospital
stay (day)
Discharge
GCS
1 52 Female Submersion Yes Yes 39 5
2 60 Female Choking No No 49 3
3 65 Male Submersion Yes Yes 42 3
4 65 Female Fire No Yes 114 7
5 68 Male Choking Yes Yes 69 6
EMS¼ emergency medical services; GCS¼Glasgow Coma Scale; OHCA¼ out-of-
hospital cardiac arrest.
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number of the study was small, and it cannot be concluded that
resuscitation should be withheld in these OHCA patients.
In conclusion, we found that choking was the leading cause of
injury-related OHCA in the elderly group, but that trafﬁc accident
was the leading cause of death in the adult group. Five patients
(5.3%) survived, and all had signiﬁcant neurological deﬁcits.
Because of the very poor outcomes with regards to injury-related
OHCA patients, it is proposed that prevention of accidents from
occurring may be the best way to limit number of deaths for these
types of patients.
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